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Abstract of JP2002280674 
PROBLEM TO BE SOLVED: To provide a 
semiconductor light emitting device that uses a 
nitride base semiconductor and has a reduced 
oscillation threshold current, highly increased 
power and improved oscillation wavelength 
controllability, and to provide its manufacturing 
method. SOLUTION: A buffer layer 1 1 made of 
an n-type Gax Iny Alz B1-x-y-z N (0<x, y, z, 
x+y+z<=1) base semiconductor is formed on 
an n-type GaN substrate 10, and a stripe- 
shaped protrusion 23 is formed on the surface 
thereof to make a step 12 having a side nearly 
vertical to the surface of the substrate. A lower 
clad layer 14 made of the n-type Gax Iny Alz 
B1-x-y-z N (0<x, y, z, x+y+z<=1) base 
semiconductor and having a grown surface 
inclined to the substrate is formed on the side 
of the step 12 of the buffer layer 11. Further, 
an active layer 15 made of a Gax Iny Alz B1-x- 
y-z N (0<x, y, z, x+y+z<=1) base 
semiconductor and having a grown surface 
inclined to the substrate is formed on the 
grown surface. An upper clad layer 16 made of 
a p-type Gax Iny Alz B1-x-y-z N (0<x, y, z, 
x+y+z<=1) base semiconductor is formed so 
as to cover the active layer 15. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A semiconductor emission device comprising: 
A substrate. 

being formed on this substrate — the surface — abbreviated — an active layer which consists 
of a nitride system semiconductor which grew epitaxially with a buffer layer in which a level 
difference was formed with the vertical side, and which consists of nitride system 
semiconductors, and a grown surface sloping on the side of said level difference of this buffer 
layer to said substrate. 

[Claim 2]A semiconductor emission device comprising: 
A substrate. 

being formed on this substrate — the surface — abbreviated — the 1st Ga x In y aluminum z B 1 _ x _ y _ 

Z N (0<=x, y, z, x+y+z<=1) system of the 1st conductivity type with which a level difference was 

formed with the vertical side — a buffer layer which consists of semiconductors. 

the 2nd Ga x In y aluminum z B 1 _ x _ y _ z N (0<=x, y, z, x+y+z<=1) system of the 1st conductivity type 

that grew epitaxially with a grown surface sloping on the side of said level difference of this 

buffer layer to said substrate — a lower clad layer which consists of semiconductors. 

. Have the grown surface which grew epitaxially to a grown surface of this lower clad layer, and 

inclined to said substrate, the 3rd Ga x In y aluminum z B 1 _ x _ y _ z N (0<=x, y, z, x+y+z<=1) system — 

with an active layer which consists of semiconductors, the 4th Ga x In y aluminum z B 1 _ x _ y _ z N (0<=x, 

y, z, x+y+z<=1) system of the 2nd conductivity type that covered this active layer and grew 

epitaxially — an upper clad layer which consists of semiconductors. 

[Claim 3]The semiconductor emission device according to claim 1 or 2 which a level difference 
of said buffer layer is a stripe shape projection, and is characterized by forming said active layer 
in stripe shape along the side of said SUTORAIBlHike projection. 

[Claim 4]The semiconductor emission device according to claim 1 or 2 which a level difference 
of said buffer layer is columnar protrusion, and is characterized by forming said active layer with 
shape which goes said columnar protrusion around. 

[Claim 5]The semiconductor emission device according to any one of claims 1 to 3, wherein chip 
making is carried out including two or more active layers formed on said substrate so that the 
parallel drive of the active layer of these plurality may be carried out. 

[Claim 6]The semiconductor emission device according to any one of claims 1 to 3, wherein chip 
making is carried out including two or more active layers formed on said substrate so that an 
active layer of these plurality may drive in series. 

[Claim 7]The semiconductor emission device according to any one of claims 1 to 6, wherein said 
active layer is quantum well structure. 

[Claim 8]A manufacturing method of a semiconductor emission device characterized by 
comprising the following. 

A process of growing epitaxially a buffer layer which consists of a nitride system semiconductor 
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layer on a substrate. 

A process of growing epitaxially an active layer which consists of nitride system semiconductors 
with a process of processing a level difference on the surface of said buffer layer with the side 
of an abbreviated perpendicular, and a grown surface sloping, on the side of said level difference 
of said buffer layer to a field of said substrate. 

[Claim 9]The semiconductor emission device according to any one of claims 1 to 7 and a 
projection type display constituted combining an optical system. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the luminescent device which used nitride 
system semiconductor material especially the luminescent device using Ga x In y aluminum z B 1 _ x _ y _ 
z N (0<=x, y, z, x+y+z<=1), and its manufacturing method. 
[0002] 

[Description of the Prior Art]In recent years, the needs of the visible semiconductor emission 
device are growing for light sources, such as solid lighting and a liquid crystal projector. A 
semiconductor emission device has various advantages which do not need the efficient long 
lasting bright light source exchange with little power consumption of being compact, compared 
with a lamp light source. If what was provided with the visible semiconductor laser which has a 
luminosity exceeding 10001m (lumen) in the case of a RGB3 type board liquid crystal projector as 
a light source is realizable, big screen projection of 100 inches or more will be attained also 
under daylight environment. 

[0003]In the case of the lamp light source liquid crystal projector used now, the efficiency for 
light utilization on which it is projected among light flux 10001m of a lamp light source is as low as 
3% or less, and is low. [ of the power efficiency of a lamp ] For this reason, it will be restricted to 
the use of using while carrying out air cooling in the gloomy room. When using a semiconductor 
light emitting element (LED) as a light source, efficiency for light utilization is improved by about 
2 times of a lamp by the device of luminous efficiency being comparable as a lamp and using the 
lens system which does not perform light branching, and a light source life improves by leaps and 
bounds than the case of a lamp, but a use is still restricted. 

[0004]On the other hand, since improvement in the efficiency for light utilization accompanying 
improvement in luminous efficiency and it and also reduction of power consumption are achieved, 
using a semiconductor laser as a light source is expected. However, although G and B use the 
second harmonic generation among the semiconductor lasers of the red (R) green (G) blue (B) 
three-primary-colors wavelength (R:630 nm, G:520 nm, B:470 nm) which can express the most 
variegated color on a chromaticity diagram or it realizes using ZnSe system material, These have 
not resulted in practical use. 

[0005]the GaN system semiconductor laser which has quantum well structure — R, G, and B — 
all are theoretically understood that laser oscillation is possible. 

As for blue-purple color luminescence laser, room temperature continuous oscillation of 
thousands of hours or more is realized. 

However, the oscillation wavelength is 400-450 nm, and blue light of short wavelength is desired 
more as a light source for high density recording of a liquid crystal projector or an optical disk 
system. The GaN board which accepts it artificially and is made has many crystal defects, such 
as a rearrangement, and this has checked a high increase in power of a GaN system 
semiconductor laser, and low threshold-ization. It originates in the defect of a GaN board, and in 
plural system cascade screens, such as an active layer, fluctuation of a presentation is large and 
this makes oscillation wavelength controllability low. 
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[0006] 

[Problem(s) to be Solved by the Invention]Although GaN system material is expected as a next- 
generation liquid crystal projector or a light source of an optical disk system, the actual condition 
is that originate in the crystal defect of a GaN board as mentioned above, and a high increase in 
power, the reduction in a threshold, oscillation wavelength controllability, etc. are restricted. 
[0007]This invention has low oscillation threshold current, and it aims it at providing a high 
increase in power, the semiconductor emission device using a nitride system semiconductor 
which aimed at improvement in oscillation wavelength controllability, and its manufacturing 
method. 
[0008] 

[Means for Solving the Problem]A semiconductor emission device concerning this invention is 

provided with the following. 

Substrate. 

being formed on this substrate — the surface — abbreviated — a buffer layer in which a level 
difference was formed with the vertical side and which consists of nitride system 
semiconductors. 

An active layer which consists of a nitride system semiconductor which grew epitaxially with a 
grown surface sloping on the side of said level difference of this buffer layer to said substrate. 

[0009]A semiconductor emission device concerning this invention is formed on a substrate and 
this substrate again, the surface — abbreviated — the 1st Ga x In y aluminum z B 1 _ x _ y _ z N (0<=x, y, z, 
x+y+z<=1) system of the 1st conductivity type with which a level difference was formed with the 
vertical side — with a buffer layer which consists of semiconductors. 2nd Ga x In y aluminum z B 1 _ x _ 
y _ z N (0<=x, y, and z.) of the 1st conductivity type that grew epitaxially with a grown surface 
sloping on the side of said level difference of this buffer layer to said substrate x+y+z<= — it has 
a lower clad layer which consists of semiconductors 1 system, and the grown surface which grew 
epitaxially to a grown surface of this lower clad layer, and inclined to said substrate, the 3rd 
Ga x In y aluminum z B 1 _ x _ y _ z N (0<=x, y, z, x+y+z<=1) system — with an active layer which consists 
of semiconductors, the 4th Ga x In y aluminum z B 1 _ x _ y _ z N (0<=x, y, z, x+y+z<=1) system of the 2nd 
conductivity type that covered this active layer and grew epitaxially — it has an upper clad layer 
which consists of semiconductors 

[001 0]A manufacturing method of a semiconductor emission device by this invention is provided 
with the following. 

A process of growing epitaxially a buffer layer which consists of a nitride system semiconductor 
layer on a substrate. 

the surface of said buffer layer — abbreviated — a process of processing a level difference with 
the vertical side. 

A process of growing epitaxially an active layer which consists of a nitride system semiconductor 
layer with a grown surface sloping on the side of said level difference of said buffer layer to a 
field of said substrate. 

[001 1]According to this invention, an active layer which consists of nitride system 
semiconductors grows epitaxially with a grown surface sloping on the side of an abbreviated 
perpendicular of a level difference formed on a substrate to a substrate. Even when this uses 
nitride system semiconductors, such as GaN with many rearrangements, crystal defects, such as 
penetration dislocation spread in an active layer from a substrate, can be avoided effectively. 
When many semiconductor layers are formed on condition of lattice mismatching from a 
substrate, it is easy to generate big distortion stress, but in this invention, since an active layer 
portion is grown epitaxially into the side of a level difference, distortion included in an active 
layer can also be suppressed. As mentioned above, according to this invention, as a result of 
being able to inhibit influences of various on an active layer from a substrate, threshold current 
is low and a semiconductor emission device of a nitride system with the high controllability of an 
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oscillation wavelength which is high power is obtained. 

[0012]In this invention, a level difference of a buffer layer is a SUTORAIBU upper projection 
concretely. This projection is made by dry etching in a buffer layer. An active layer is formed in 
stripe shape along the side of this SUTORAIBlHike projection. Or a level difference of a buffer 
layer can also be made into columnar protrusion again. Such columnar protrusion also carries out 
dry etching of the buffer layer, and is made. In this case, an active layer is formed with shape 
which goes that columnar protrusion around. 

[0013]For example, including two or more active layers formed on a substrate, chip making of the 
semiconductor emission device by this invention can be carried out so that the parallel drive of 
the active layer of these plurality may be carried out Or including two or more active layers 
formed on a substrate, chip making can also be carried out again so that an active layer of these 
plurality may drive in series. 
[0014] 

[Embodiment of the Invention]Hereafter, this embodiment of the invention is described with 
reference to drawings. 

[Embodiment 1] Drawing 1 (a) and (b) shows the sectional view and chip flat figure of the GaN 
system semiconductor laser by this embodiment of the invention. The GaN board 10 is n type 
GaN (Si dope: 5x10 18 /cm 3 , 80 micrometers) which makes a c axis (0001) Ga side the principal 
surface. The n type aluminum 0 05 Ga 0 95 N buffer layer 1 1 is growing epitaxially on this GaN board 
10. In the field of the buffer layer 11, it has the level difference which processed the stripe shape 
projection 23 by anisotropic dry etching, and was made. The level difference side 12 is an 
abbreviated perpendicular to a substrates face. 

[0015]The Si0 2 spacer 13 is formed in the bottom (slot) of a level difference. And the n type 
aluminum 007 Ga 093 N cladding layer (Si dope: 5x10 18 /cm 3 ) 14 and the active layer 15 grow 
epitaxially one by one in a transverse direction considering the side 12 of a level difference as a 
kind of crystal growth, The p type aluminum 0 07 Ga 0 93 N cladding layer (Mg dope: 5x10 18 /cm 3 ) 16 
is growing epitaxially so that the active layer 1 5 may be covered. Concretely the active layer 1 5 
A n type GaN lightguide (Si dope: 1x10 18 /cm 3 , 0.1 micrometer), the multiplex quantum well layer 
by an In Q ^Ga^N well layer (3-nm, three layers) / In 0 .02 Ga 0.98 N barrier la V er ( 6 nm ) " and - ■ 
Are constituted as a laminated structure of a p type GaN lightguide (Mg dope: 1x10 18 /cm 3 , 0.1 
micrometer). It is a SCH-MQW (Separate Confinement Heterostructure Multi-Quantum Well) 
active region, and lateral width is 2 micrometers. 

[0016]The cladding layer 14 is formed with an about 60-degree grown surface to the field of the 
substrate 10 by choosing a growing condition appropriately and growing it epitaxially only into the 
side 1 2 of a level difference selectively mostly. By a diagram, although the cladding layer 1 4 is 
formed also in the upper surface of the projection 23, what grew up to be a transverse direction 
from the level difference side 12 projects this also on the projection 23 actually. And the 
inclination is maintained to the grown surface of the cladding layer 14, and the active layer 15 
grows epitaxially selectively. Therefore, the active layer 15 will be formed with the about theta= 
60-degree sloping field to the field of the substrate 10. Even if the InGaN layer of an active layer 
ingredient grows up to be the upper surface of the cladding layer 14 slightly, as an active layer, it 
does not function by optimizing the thickness control of a SCH-MQW layer in a transverse 
direction. 

[0017]On the p type AIGaN clad layer 16, epitaxial formation of the p type GaN contact layer 
(Mg dope: 5x10 18 /cm 3 , 0.1 micrometer) 17 is carried out. On this p type contact layer 16, the p 
lateral electrode 1 8 which consists of Pt/Au is formed, and the n type electrode 1 9 in which the 
rear face of the substrate 10 consists of Ti/Pt/Au is formed. The p type electrode 18 is 
connected to the AIN sub mount chip 21 via the AuSn solder layer 20. 

[0018]The manufacturing process of the semiconductor laser of this embodiment is concretely 
explained with reference to drawing 2 A - drawing 2 D. First, as shown in drawing 2 A, the AIGaN 
buffer layer 11 is formed in the surface of the GaN board 10 of a mirror plane by an organic- 



i-bin/tran web cgi ejie?atw_u=http%3A%2F%2Fwww4.i... 2008/08/05 



metal-vapor-growth (MOCVD) method. Here the Al composition ratio of the AIGaN buffer layer 
1 1, It is good also as a state where what is necessary is just to be between the Al composition 
ratios of the AIGaN clad layer formed on this, and Al composition ratio changes from 0 
continuously between them, or as the Al composition ratio of this AIGaN buffer layer 1 1 being 
constant to a thickness direction, It may be made to make the buffer layer from which Al 
composition ratio changes to the ground further separately intervene. 

[0019]By forming the Si0 2 mask and resist mask which are not illustrated on the AIGaN buffer 
layer 1 1, and etching the AIGaN buffer layer 1 1 by anisotropic dry etching, as shown in drawing 2 
A, the stripe shape projection 23 of a prescribed interval is formed. The level difference side 1 2 
of this stripe shape projection 23 turns into an abbreviated vertical plane, and in order to make 
this into the field of the following crystal growth, it embeds the spacers 13, such as Si0 2 or SiN, 
at a fillet section. However, it is not necessary to be necessarily the stripe shape projection 23, 
and groove processing may be sufficient in order to obtain the level difference 1 2. To some 
extent, above, a tooth depth can omit the embedding of the spacer 1 3, when deep. As the spacer 
13, the diffraction grating for vertical microfiche control of laser oscillation may be formed. 
[0020]Subsequently, as shown in drawing 2 B, SCH-MQW active layer 15 is continuously grown 
epitaxially and grown epitaxially in the n type AIGaN clad layer 14 by the MOCVD method. At this 
time, AIGaN clad layer 14 controls vertical growth so that it may mainly grow up to be an oblique 
direction considering the level difference side 12 of the SUTORAIBlHike projection 23 as a kind 
of crystal growth. For that purpose, it is necessary to optimize the mixture ratio of hydrogen and 
nitrogen, the partial pressure of ammonia gas, and growing temperature which are carrier gas. 
[0021]For example, if the ratio of nitrogen gas is raised among carrier gas, a transverse direction 
growth rate will increase and, moreover, the growth principal surface will become near vertically 
to the field of the substrate 10. If an ammonia partial pressure is increased, it will become easy 
to move the penetration dislocation of the perpendicular direction from the substrate 10 into a 
growth film in the disorderly direction, and dislocation density will decrease with growth time, and 
also crystal defects, such as a point defect, will also become is hard to be formed. If growing 
temperature is raised, the growth principal surface will become vertical easily to the field of the 
substrate 10. 

[0022]In consideration of these, concretely, the mixture ratio of carrier gas was set to 
hydrogen-.nitrogen =2:1, the ammonia partial pressure was set to 360Torr (1/2 atmosphere), and 
the n type AIGaN clad layer 14 and SCH-MQW active layer 15 were grown epitaxially with the 
growing temperature of 1050 ** at this embodiment Thereby, the cladding layer 14 and the 
active layer 15 were formed with about 60-degree inclination to the substrate 10. What grew up 
to be the both sides of the projection 23 will be connected on the projection 2 by the cladding 
layer 14. Growing temperature was 800 ** and it was made to grow up in the atmosphere of only 
nitrogen gas about the InGaN quantum well layer of the active layer 1 5. The stripe width of the 
active layer 1 5 formed with a slant face is about 2.1 micrometers. 

[0023]Then, as shown in drawing 2 C, the p type AIGaN clad layer 1 6 is grown epitaxially by the 
MOCVD method so that the active layer 1 5 and the cladding layer 1 4 may be covered. Between 
the stripe shape projections 23 is filled, the growth phase of the both sides of the stripe shape 
projection 23 joins together, and this cladding layer 16 is grown up until the surface becomes 
almost flat soon. However, some V grooves may remain. After that, further, as shown in drawing 
2 D, the p type GaN contact layer 17 is grown epitaxially, and flattening of the surface is carried 
out nearly thoroughly. 

[0024]After this, as shown in drawing 1 , the p lateral electrode 18 and the solder layer 20 are 
formed on GaN contact layer 17. After the GaN board 10 grinds a rear face and adjusts 
thickness to about 80 micrometers, it forms the n lateral electrode 19. Subsequently, cleavage of 
the wafer is carried out with the cleavage plane which is parallel with the section of drawing 2 so 
that it may become 0.5 mm of cavity length, and — the light emitting end sides A and B of the 
chip shown in drawing 1 (b) — ECR-CVD (electron cyclotron resonance CVD) — the coat of the 
high reflection film is carried out by law or a sputtering technique. Let a high reflection film be 
Ti02/Si02 film of the 1/4-wave thickness of a laser oscillation wavelength concretely. It cuts in 
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the direction which intersects perpendicularly with the field of drawing 2, and after carrying out 
chip making so that it may contain the active layer 15 in one each at a time, the field and the 
AIN mount chip 21 of the solder layer 20 are bonded by thermo-compression at 320 **. 
[0025]When the semiconductor laser of this embodiment impresses the voltage used as forward 
bias, the current which flows in from the p lateral electrode 1 8 flows through the active layer 1 5 
into a transverse direction, and also flows through projection 23 portion downward, and goes into 
the n lateral electrode 1 9. Although the up-and-down cladding layers 1 6 and 14 carry out direct 
contact also to the outside of the active layer 15 and pn junction is formed, it is that the current 
which crosses the active layer 1 5 becomes the barrier is more expensive than the barrier 
between the p type clad layer 1 6 and the active layer 1 5, therefore dominant, and laser 
oscillation becomes possible. Concretely, 30 mA of threshold current and the room temperature 
continuous oscillation in the oscillation wavelength of 403 nm were accepted with the operating 
voltage 4.2V. The element life by 80 ** and 50W drive was 5000 hours or more. The far field 
pattern (FFP) had a single Mine peak by 8 degrees of horizontal angles, and 22 degrees of 
vertical angles, and the beam characteristic suitable for optical disc application was obtained. 
[0026]In the laser of this embodiment, an active layer is not the thing grown-up at right angles to 
a substrates face, and is grown up into the transverse direction on the side of a stripe shape 
projection. Therefore, it is not influenced by the penetration dislocation from a substrate, but 
becomes an active layer with low dislocation density, and, thereby, leak current will become low. 
Since the MQW layer of the center of the active layer 1 5 is formed in the surface with flat Ga 
side of a GaN lightguide, the oscillation with low threshold current is attained. Since it is formed 
in the side of the stripe shape projection 23, the n type AIGaN clad layer 14 is not influenced by 
the grating constant of the GaN board 10, but turns into a layer near a freestanding original 
grating constant, there are few distortion and rearrangements and a crack etc. do not produce it 
easily. For this reason, by making this n type AIGaN clad layer 14 to some extent thick, the 
optical confinement effect could be made into sufficient thing, and this has led to oscillation 
threshold reduction. 

[0027]It is also effective to adopt the superstructure of AIGaN/GaN as a cladding layer for 
reduction of actuating current. As for the heat generated in the active layer, heat dissipation is 
easy by use of the AIN sub mount chip with high thermal conductivity. In the usual laser, since 
an active layer is formed as a film parallel to a substrate, FFP becomes a substrate with a 
perpendicularly long ellipse form, but when it is this embodiment, FFP inclined about 60 degrees 
to FFP of the usual laser is obtained as mentioned above. What is necessary is for it to be 
satisfactory since this FFP is made to condense circularly, but just to rotate an output beam on 
a system, in optical disc application etc., using a diffraction grating etc., when FFP of an ellipse 
vertical to a substrates face is required. 

[0028][Embodiment 2] Drawing 3 makes the section of the nitride system semiconductor laser 
by another embodiment correspond to drawing 1 (a), and shows it. According to this embodiment, 
the silicon on sapphire 31 is used instead of the GaN board 10 of a previous embodiment. The n 
type AIGaN buffer layer 1 1 is formed like a previous embodiment on this via the n type GaN 
contact layer 32 on this silicon on sapphire 31. The element composition on this AIGaN buffer 
layer 11 is the same as a previous embodiment. However, since the silicon on sapphire 31 is an 
insulator, the n lateral electrode 19 performs drilling etching until the n type GaN contact layer 
32 is exposed, and forms it in the surface. 

[0029]The almost same laser characteristic as a previous embodiment is acquired by this 
embodiment. Since the heat dissipation nature of silicon on sapphire is inferior to it of a GaN 
board, actuating current goes up slightly and the characteristic may be affected under hot 
environments. Although there was a possibility that the yield might fall at the cleavage process 
and chip making process for laser cavity formation, the feasible thing was fundamentally checked 
also by the insulating substrate. 

[0030][Embodiment 3] Drawing 4 (a) and (b) is the chip cross section figure and chip flat figure in 
which having made the nitride system semiconductor laser by another embodiment correspond 
to drawing 1 (a) and (b), and showing it. The point that this embodiment differs from the 
embodiment of drawing 1 is a point which makes the projection 23 the shape of a hexagonal 
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prism with the side 12 of an abbreviated perpendicular instead of the shape of SUTORAIBU. This 
is also formed of anisotropic dry etching. Since the active layer 15 grown up into each side 12 of 
this columnar protrusion 23 inclines to a substrates face like a previous embodiment, it serves as 
circumference shape which has a spindle surface of hexagon-head weight as a whole. Therefore, 
the light generated in an active layer excites a career by going around, and causes laser 
oscillation. However, as an optical beam is emitted only in the specific direction, in order to make 
an oscillation threshold low, a device which uses a specific corner as a light emitting end is 
required. It is good also considering the projection 23 as not a hexagonal prism but a pillar. Also 
as a cylindrical projection, the active layer 15 becomes like with the plane direction 

dependency of the rate of crystal growth. 

[0031][Embodiment 4] Drawing 5 shows the section of the nitride system semiconductor laser by 
another embodiment. The laser array for high power consists of this embodiment by carrying out 
1 chip making including two or more active layers 15 formed on the n type GaN board 10. The 
composition and the manufacturing process of each class are the same as that of Embodiment 1. 
However, the p type semiconductor layer which grows up to be the upper part of the stripe 
shape projection 23 is removed, and is made into the opening 51. This is for preventing the 
penetration dislocation from the substrate 1 0 going into the upper part of the stripe shape 
projection 23 mostly, and causing energization degradation by pn junction. Insulators, such as 
Si02 and SiN, may also be embedded in the opening 51. 

[0032]The n lateral electrode 1 9 is formed in common to two or more laser device units which 
have every one active layer 1 5, respectively. The p lateral electrodes 1 8 each are also 
connected to the submount 21 in common via the solder layer 20. Therefore, the parallel drive of 
two or more laser device units is carried out, and high power is obtained. 
[0033]Concretely, a laser array is constituted with about 100 active layers, and it is obtained 
more than maximum output 20W. However, an oscillation wavelength serves as a large multi- 
mode oscillation of the range of 396 nm - 410 nm by the thickness of each element region, or 
fluctuation of composition ratio in this case. By such array-ization, although heat dissipation 
nature becomes a problem, if a Peltier forced-cooling machine is used instead of AIN as the 
submount 21, about this, it is solvable. 

[0034][Embodiment 5] Drawing 6 shows the section of the nitride system semiconductor laser by 
another embodiment. Although 1 chip making also of this embodiment is carried out including two 
or more active layers 1 5 formed on the n type GaN board 1 0, the tandem drive of two or more 
active layers 1 5 is made to be carried out. That is, although the n type clad layer 1 4, the active 
layer 15, and the p type clad layer 16 are formed like each previous embodiment, the p type clad 
layer 16 is etched until the n type clad layer 14 and the projection 23 are exposed, and pn 
junction is made not to be formed among these directly. And the electrodes 63 and 65 are 
formed in the side of the p type clad layer 16 of the both-the-right-and-left-ends part of the 
laser device unit by which array arrangement was carried out via the contact layers 62 and 64, 
respectively. 

[0035]The AIN polycrystalline layer 61 of high resistance was formed in the upper part of a laser 
device array, and this AIN polycrystalline layer 61 is connected to the AIN submount 21 via the 
solder layer 20. It means that the series connection of the laser device unit by which array 
arrangement was carried out was carried out by this in the state where pn junction becomes 
reverse by turns between the electrodes 63 and 65. By making the AIN polycrystalline layer 61 
of high resistance intervene on a laser device array, even if it uses a soldering metal, the 
energization to an element part from the submount 21 is prevented. The AIN polycrystalline layer 
61 is excellent in heat dissipation nature, and serves it not only to be able to to miss generation 
of heat effectively, but to distort by contact with solder or submount and to ease stress, since 
the coefficient of thermal expansion is as near as a nitride system semiconductor. 
[0036]When direct-current operating voltage is impressed between the electrodes 63 and 65 in 
the case of this embodiment, the half which serves as forward bias among the laser devices by 
which array arrangement was carried out oscillates, the remainder will require big reverse bias 
and between the elements which tunneling current flows and adjoins will be connected in series. 
When a volts alternating current is impressed, the element which becomes forward bias by the 
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positive half wave and a negative half wave, respectively will oscillate by turns. 
[0037][Embodiment 6] the GaN system semiconductor laser of the type which carries out a 
parallel drive including two or more active layers which were explained by Embodiment 4, Since 
high power is not only obtained, but it becomes the multi-mode in which the oscillation 
wavelength range exceeded 10 nm by fluctuation of the presentation of each active layer, it is 
effective when it applies to especially a projection type liquid crystal projector etc. 
[0038] Drawing 7 shows the projection type liquid crystal projector of such an embodiment. The 
output beam of the GaN system semiconductor lasers 72a, 72b, and 72c of R, G, and B, 
Respectively it is changed into a circular beam by the cylindrical lenses (or diffraction grating) 
73a, 73b, and 73c, it is collimated by the collimate lens systems 74a, 74b, and 74c, and R, G, and 
the liquid crystal plates 71a, 71b, and 71c for B glare. The transmitted light of the liquid crystal 
plates 71a, 71b, and 71c goes into the beam splitter 75, is compounded, and enlargement 
projection is carried out with the projection lens 76. 

[0039]Concretely, the semiconductor lasers 72a, 72b, and 72c are constituted [ by choosing In 
presentation of the InGaN quantum well layer of the active layer in Embodiment 4 ] as a three- 
primary-colors laser array (the center wavelength of 630 nm, 520 nm, and 470 nm), respectively. 
Although the triangle on the chromaticity coordinate by which a color rendering is carried out by 
using this three-wave laser can reproduce most colors which human being senses, it is that the 
oscillation wavelength range serves as a multi-mode of the range which is about 1 0 nm as 
mentioned above especially, and a reproducible color range is expanded more. 
[0040]Concretely, R, G, and the B semiconductor lasers 72a, 72b, and 72c can fully be borne in 
broad daylight at projection of 100 inches or more, if the maximum optical power 20W shall be 
exceeded including 100 active layers, respectively. Even if the optical power for obtaining light 
flux 10001m takes relative luminosity into consideration, it is because it is 16.1 W in 2.0W and blue 
in 5.5W and green in red. At this time, the power consumption of R, G, and the B semiconductor 
lasers 72a, 72b, and 72c is set to 15W, 8W, and 91 W, respectively. This becomes about 60% of 
reduce power consumption compared with about 200 W of the conventional liquid crystal 
projector for the interior of a room which used the lamp light source. And since the 
semiconductor laser can switch optical power by switching the amount of supply current, a 
brilliance control is also easy. 

[0041]This invention is not restricted to the above-mentioned embodiment. For example, 
according to the above-mentioned embodiment, other methods can also be used although the 
level difference was formed in the buffer layer by anisotropic dry etching. For example, mask 
patterns (for example, Si0 2 , SiN, etc.) are formed in Jo Shimoji, such as a substrate and a buffer 
layer, A level difference can be similarly formed in the Shimoji surface exposed to this mask 
opening by growing up selectively a Ga x In y aluminum z B 1 _ x _ y _ z N (0<=x, y, z, x+y+z<=1) layer. As a 
substrate, ceramic substrates, such as monocrystal substrates, such as GaN, GaAs besides 
sapphire, Si, SiC, and a diamond, or AIN, can be used. This invention is applicable not only like a 
semiconductor laser but LED. 
[0042] 

[Effect of the InventionjAs stated above, according to this invention, an active layer, In order to 
grow epitaxially with the grown surface sloping on the side of the abbreviated perpendicular of 
the level difference formed on the substrate to the substrate and not to be influenced by the 
penetration dislocation from a substrate, etc., threshold current is low and the semiconductor 
emission device of a nitride system with the high controllability of an oscillation wavelength 
which is high power is obtained. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view and top view showing the structure of the semiconductor 
laser by this embodiment of the invention. 

[Drawing 2 A] It is a sectional view showing the manufacturing process of the embodiment. 

[Drawing 2 B] It is a sectional view showing the manufacturing process of the embodiment. 

[Drawing 2 C] It is a sectional view showing the manufacturing process of the embodiment. 

[Drawing 2 D] It is a sectional view showing the manufacturing process of the embodiment. 

[Drawing 3] It is a sectional view of the semiconductor laser by other embodiments. 

[Drawing 4] It is the sectional view and top view of a semiconductor laser by other embodiments. 

[Drawing 5] It is a sectional view of the semiconductor laser by other embodiments. 

[Drawing 6] It is a sectional view of the semiconductor laser by other embodiments. 

[Drawing 7] It is a figure showing the composition of the projection type liquid crystal projector 

which applied the semiconductor laser by this invention. 

[Description of Notations] 

10 — A n type GaN board, 11 —An type GaN buffer layer, 12 — Level difference side, 13 [ — 
A p type AIGaN clad layer, 17 / — A p type GaN contact layer, 18 / — p lateral electrode, 19 / 
— n lateral electrode, 20 / — A solder layer, 21 / — AIN submount, 23 / — Projection. ] — A 
spacer, 14 — An type AIGaN clad layer, 15 — An active layer, 16 



[Translation done.] 
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[ 0 0 2 7 ] ft**, Dlf1«©fffi$©fc«>lC, j7 7 y K 
IfcAlGaN/GaNOig^lSitSrSRffitirtt, 40 

5. BfzW©^A 

fto-o^, iIf-©^-t*-m, fiH4I#£Kfc¥frfc 
fcl^li: LTffM^5fcfe> F F P 

a^ov-foFFPt^breo' i«l 
fcFFP;5M§&ft3. ^r^^^jgffl^tJjVNTtt, r. 
©FFP$rHJ§^*#£*5©T?BBttfcv\&^ i^r 
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[0028] [nn©^! 2 ] .0 3 n, m<omM(omm 
txzmmmm&i'-wmw&s mi (a) m 

j£S*-C*L-C^5. i©^JI©f^T-{i, ft©HJ£© 
IICGaNlglOllft^ot, f"7 7^7SS3 1 
trfflV^WS. r©f-7 7-frS«3 l±idnSGaN 
3^^M3 2^U, r©±lc5fe©^H©^lii: 
NfllKlnSAl GaN/<y7rll l£ffMbT^5 0 
:©AlGaN/<y?7|llJ-©|»t %(D% 

vvm&knwihZo <au f-77^rs«3i^ 

■#T?*>5fc», nflMMl9M: % nlGaNny^ 
M3 2^ajt5*-C?LIBtt^S'^y^^fi : oT > £ 

[0 0 2 9] ^©^Jfe©^llCJ:oTt3fe©^Jt©^l 
tli»^«©W!f«FttiS#5>ft5. f-77-fTSS© 
IS*M4H:GaNSffi©*ftJ:D*5fc«>, ftfftt%#ff 

[0 0 3 0] [HJfe©^!63] 04 (a) (b)fi, 9J 

(a) (b) Km^xTrsU^yzfrnmrnhfyf 
¥i50Tfe5o r©njg©^tiasiai©^js©^sg^^ 

m 2 3 h 7-Y ^R"Ctt4 < , ffl§SE© 
2 3 ©#fflffi 1 2 (CjtS$*5Sttl 1 5 fi, 7t©^H 

-ifM^rto fib, #£©#fafc©JWfcr-A£ 
ffllt1-5i5mbT, WSbtv^Srfi<1-5fc»^ 

[0 0 3 1 ] [Htts©J&ffi4] 0 5 fi, gij©^1i©^l 
ldi5lft^^f*^-f©irffi^bT^5o r© 

H*©^«-Ctt, nlGaNSSlOltM^fcS 
fc©Stt! l 5 tr^^Tf 1 T'ftl-S r i l-«t 9 , ffi 

^ti^ffl©^-if7W^#JtbTV^5 0 #i©#jt&V 

ftjfilfitt, H*ojg«li:iai»T?fc5. fib, ^h7 

>r 2 3 <D±M\ctf&k+z, j>m*m#mfm4:L 

T, li:bTV^5. rfttt, 7f7^7°^g2 

3©±gi5(cfi, ssi o*»b©jratett!iJ#<A'j, p 

^B85ltfi % Si 02, s i N^©Jft»ftS:ffi»aAy 

[0 0 3 2] ^ ft-Pft-o-f o©Stti 1 5 SrJ#oS» 
rowflfa^-^ hi^LT, nfBJSffil 9(i#fi(Cl 
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ffM£ft£ 0 4fc#pHWil8%¥W*2 0fc#LT 
[0 0 3 3] JWWSfcl, lOOfieftWfifttlttoT 

So at #«^$©iJWi$it©M^ 

f-it), IS»B:W:3 9 6 nm~4 1 OnmiV^fSB 

y h 2 1 t LT\ A 1 NfcffcboT^/l^*!ttHJfr3«& 

[0 0 3 4] [Hffi©^l 5 ] 0 6 li, 9J©Hffi©JBt8 

«*©^«T?fc, nfflGaNJKlOiiyBjfcSjtfc* 

jgttll5tt, (iLjIJ^Sl^tLS «t 5t-UTV^S 0 BP^, 
5fe©#Hifc©»«i:PHKtna^9yK«14 % Sttl 
1 5Xtfpffl*7?Kll 6«r#jfci-<5#, pS^7-y 
K116I4, nfi*7>K114Xlf»2 3#«Ht 

-f-'Hf^- y h ©££PM3© p Mt y y Kll 6 © 
3, 6 5$rJft£LT^5. 

[0 0 3 5] U-tf Jf-f 7 M 1 c^>_hlFUtCfi N KigftWA 
1 N^HAl 6 1 SrJBjfcU :©A 1 N#^ h b b1 6 1 
Sr, ¥Hl 2 0 LXA 1 Nf"7V ?yh21 fcgjfc 
LT^*. 7WE*J3ftfcU-1f*f3. 
~y htt, «I6 3, 6 SWIi, p n8&£#£2lci8»fc 
4 5 WB-eilWISai £ ftfc 1 1 fcft 5c i'- Wf-7 u 
>T (DilcfSjgfetOA 1 NMhiJi 6 1 £jh££*5 Z. 1 

&^<Dmm\tV5]k£tiZ. tit A 1 N#fe H B B l6 1 12, 
**** *t5. 

[0 0 3 6] i©HJ6©Jgt8©#g\ «£6 3 , 6 5 ffi 
icjgSESdfPlflESrffliP Ltz t £ fi, 7 W IS?iJ f 
5 */<>f7*i:45¥atfJHgU ft 9 

*aM>r 7 * x h y* v y rmmtm 

tiMsU 7Mzfim*tf$iKimMi- 5 Z t £45. 
[0 0 3 7] [gftOJgft 6 ] IdtO^tt 4 "CRK Lit 

a N3R¥$fcl'-tftt, KtB73^#btL5fcft-e4< , 
^gttJiotfritroftfefftJ; 9X£&&&6B# l 0 nm 
^liftvm- K£45fc«\ #^£ttM§7°n 
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[ 0 0 3 8 ] 0 7 fcfc *©$4llite®?&t8©S:*[Mifca 
7°Pv^?£^LT^5 0 R, G, BOGaNl^l 
*l/-f 7 2 a, 7 2 b, 7 2 c ©fiJTJ If— Att, 

-etu y y k y *;^yx (xttnufft^-) 7 3a, 

7 3 b, 7 3 ctiURJglf-AtaHftS^ = y*- 
M/yX^74a, 74b, 7 4 c t±D ay^-fj 
JVC, R, G, Bffl©fe B aS7 la, 7 1b, 7 1 c (C 
($tt£tl5o SIS7 la, 7 1b, 7 1 c<Djiiift 
10 t'^7"y7^7 5(aot^^t, 7°o^ 

[0 0 3 9] J^WlI, f 7 2 a, 7 2 b, 

7 2 c ft, Hfe©I>fi4 IC*5(75?£ttl© InGaNt 

H4l6 3 0nm, 5 2 0 nm, 4 7 0nm©3lfe 

u-if7WttT^-f5o r©38£i'-f ! fcffl^ 

[0 0 4 0] R, G, B^»*l/-f7 2 

a, 7 2 b, 7 2cfc*ft*&10 0«©ffi*W*£A, 
T***ffl*2 0W*a*.5fcOi:ttttf, Sfi-ClO 

o W yf-K±©J5»{c+^t»t 5 So ** i o o o l 

T'5. 5W, ^feT?2. 0W, WfrC16. lWTfeS 
i»6>-e*>5. R, G, B**ft:U-f ! 7 2 

a, 7 2 b, 7 2 c ©**«att*iVffh,, 1 5W, 8 
w, 9iW4:ft5. r^ii, 7^»^fflltttO 
30 aftlft*7'ns;3:^^©»2 0 OWtCjt^St, 6 0 

%e^©«tE^fg^^45o u*>t> % ^igftu-im 

«ye*«E*Sr§] 5 r t m J: D mt)Z® D ^klS 
rir^-Cf SOT, nttPHEfc^a^feS. 

[0041] ;L0£i8tt±EHi60jgffifcffif,ftfcv\ 

-r^^/N^-y (#ijx.tfs i Oi, Si N^) ^ffM 
40 Al.Bh,, N (0^x, y, z, x + y + z^l) 

i ^sKWicjt^ r t \z. i o x t> mmz.m£&]& 

l&tZZbtfX%Z 0 *fc % SKtLTtt, GaN^t 
77-Y7©<ife, G a A s , Si, S i C, ^V7^VR 
^©^alSfc ^V^ij;A 1 NH©1?7 5 y^SKSrffl 
V^#5 0 SfciN»#U— U'KllRfe-f, LEDlCt^ll 

[0 0 4 2] 

[««©»*] ^±^7ci5l-r©^(cj;nti\ S 
ttlfi, ««±iwffM$nfcg^©B&ftE©fiWI^ £ 

50 «ic*r Lxmn Lta$,%m* t> o if * 



(7) 
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£K mfrb<Dnmfcm<Dm&%v%^tc^ t * [04] mm%mm\^.n>^m^— fmrnrnt 

z^{mmm<. nmxh^o, &i%m&&om w-wmxhz. 

ttoHK mmmmm%m.mbhz>. [05] mmmm^^m^- ^mmx- 

imi] ^mwmmmm^tz^fci'-fm [06] mnmmm^i^mw-^— fmmmx 

m**tmmmt¥mmxfoz> 0 hz>> 

[02 a] mm<Dm<DmmT.mz*tmmmxh [0 7] ^©^^j;^^*^— if^sfflt^sita 

[02 b] mmmmmmmxm^tmmxh m^vmm 

5 0 10 1 0-nlG a Nil, 1 l-n|GaN^y7ri, 

[02c] nmfommvmkTMtt-rmmmxh 13-^—9-, u-niAiGa 

5 0 N^7->K1, 15-JSttS, 16-plAlGaN^ 

yyVM, 17-plGaN3^^M, 18-piJ 
mU. 19-n«> 20-^ffll, 21-AlNf- 



[0 2D] Pllifcw^lSoKitlSSr^tBfffiH-Cfc 
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